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I n  o r d e r  t o  a d d r e s s  t h e  q u e s t i o n s  of whether  the c r a t e r i n g  s c a l i n g  which 
has been developed by I io l sapyle  and S c h n i d t  (1980,1982) and Housen e t  a l .  
(14G3) c a n  Le e x t r a p o l a t e d  t o  low v e l o c i t y  e n c o u n t e r s ,  of p l a n e t e s i m a l s  
a p p r o p r i a t e  f o r  t h e  c o n d i t i o n s  a p p r o p r i a t e  d u r i n g  a c c r e t i o n  of t h e  p l a n e t s  and 
t h e  icpact  mechanics  of e n c o u n t e r s  of bo th  a s t e r o i & s  and t h e  s o l i d  o b j e c t s  which 
compr ise  t h e  r i n g s  of t h e  o u t e r  major p l a n e t s ,  a series o f  expe r imen t s  a t  low g 
and a t  h i g h  vacuum are proposed. S p e c i f i c  i s s u e s  which c o u l d  be addres sed  
i n c l u d e  

1. What is t h e  e f f e c t  of ve ry  low g on c r a t e r i n g  e f f i c i e n c y  and f i n a l  
c ra te r  shape  i n  u n c o n s o l i d a t e d  media at low g? A t  what g and vacuum l e v e l s  do 
s c a l i n g  l a w s  become a f f e c t e d  by s u r f a c e  a n d / o r  e l e c t r o s t a t i c  f o r c e s ?  A r e  e jecta  
c u r t a i n s  d i f f e r e n t  a t  v e r y  low g?  Could t h e s e  p o s s i b l y  g i v e  rise t o  t h e  str iae 
s e e n  on t h e  s u r f a c e s  of Phobos and Deinos? Is a regime ach ieved  such that - a l l  
i m p a c t  e jecta  e s c a p e  and t h e  p r o j e c t i l e  e rodes  t h e  t a r g e t  and f a l l s  aways f r o n  
t h e  t a r g e t ?  

2. Khat are t h e  dyMHdCS of impact i n t o  a s t r e n g t h l e s s  s p h e r i c a l  and 
e l l i p s o i d a l  "liquid" targets? Is irrgact i n t o  a l i q u i d  sphere a v iab le  
fragmented a s t e r o i d  n o a e l ?  W h a t  c o n t r o l s  spall, ejecta s i z e ,  m a s s  and v e l o c i t y  
i n  s u c h  a s i t u a t i o n ?  

A s  a p r e c u r s o r  t o  e x p e r i a e n t s  on a space  s t a t i o n ;  impact  expe r imen t s  
e n p l o y i n s  d r o p  towers  on e a r t h  could  p l a y  a u s e f u l  r o l e .  Exper imenta l  
f a c i l i t i e s  a t  f . iASA/Lewis  and Marshall Space Cen te r s  can be employed i n  both  
d e v e l o p i n g  i n s t r u m e n t a t i o n  and o b t a i n i n g  p r e l i m i n a r y  impact  d a t a  on g e o l o g i c  
materials a t  low and v e r y  c o n t r o l l e d  g l e v e l s  i n  hard vacuum. 

C o n s t r a i n i n g  l i k e l y  expe r imen t s  are both  t h e  s i z e  o f  chambers a v a i l a b l e  i n  
d r o p  towers  and t h e i r  d r o p  tine. The L e w i s  F e s e a r c h  C e n t e r  has  t h e  wor ld ' s  
l a r g e s t  s u c h  f a c i l i t y .  It has  t h e  c a p a b i l i t y  of l a u n c h i n g  a 1 meter d i a m e t e r  x 
3.4 m e t e r  l ong  hol low c o n t a i n e r ,  i n  which t h e  proposed i m p a c t  exper iment  is 
p l a c e d ,  i n t o  a v e r t i c a l  b a l l i s t i c  t r a j e c t o r y  and thus  o b t a i n  v i r t u a l l y  z e r o  g 
f o r  t e n  seconds .  I f  t h e  c o n t a i n e r  is j u s t  dropped from t h e  t o p  of t h e  145 m 
h i g h  tower ,  5 seconds  of test-time is a v a i l a b l e  a t  v a r i o u s  low g l e v e l s .  
Anotllek f a c i l i t y  u h i c h  is a s imple  (100 n) d r o p  tower i s  a v a i l a b l e  a t  Marshall 
C e n t e r .  niis has a 0.9 m d i a m e t e r  test c o n t a i n e r .  Using t h e  formulas  i n  
Molscpple  and S c h n i d t  (1960, 1982), expec ted  crater s i z e s  and crater f o r m a t i o n  
t i n e s  were c a l c u l a t e d  f o r  impact  i n t o  Ottawa sand .  U s e f u l  bounds on  t h e  crater 
s i z e s  ( F i g .  2) c a n  be o b t a i n e d  by  assuming 
t h e  lowes t  and h i g h e s t  energy  impactor  which c o u l d  c o n c e i v a b l y  be l aunched  are a 
0.01 g, 10 d s e c  and a 1 gn,  10 km/sec p l a s t i c  and i r o n  p r o j e c t i l e ,  
r e s p e c t i v e l y .  As c a n  be s e e n  from Fig.  1, t he  145 m tower w i l l  j u s t  b a r e l y  
c o n t a i n  t h e  d i a m e t e r  crater expec ted  a t  lG-s g f o r  the 1 g - 10 k d s e c  
p r o j e c t i l e .  F ig .  2 d e m o n s t r c t e s  that t h e  12 t o  200 second crater fo rma t ion  
titres are nucli t o o  long  for t h e  3 t o  1C second test tines a v a i l a b l e  f rom d r o p  
towers .  d rop  
tower  e x p e r i m e n t s  t o  be conducted t o  f i n a l  crater d imens ions .  Moreover, 
a l t h o u g h  hot11 f a c i l i t i e s  Lave a p p a r a t u s e s  f o r  d e c e l e r a t i n g  p a y l o a d s ,  because 

1) and c ra te r  f o r n a t i o n  times ( F i g .  

100 cui 

Ejecta a b s o r b i n g  or c a t c h i n g  i n t e r n a l  walls would be r e q u i r e d  f o r  
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c ra t e r s  i n  u n c o n s o l i d a t e d  media i n  vacuum are f r a g i l e ,  i t  is u n l i k e l y  t h a t  good 
r e c o v e r i e s  w i l l  a lways  be o b t a i n e d .  Both onboard v i d e o  r e c o r d i n g  and 
a c c e l e r a t i o n  v e r s u s  time r e c o r d i n g  a p p e a r  to  be impor t an t  i n g r e d i e n t s  i n  
o b t a i n i n g  h i g h  q t i a l i t y  d a t a  ir, t h i s  envi ronment .  
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F i g u r e  1. C a l c u l a t e d  Ottawa sand  crater  diameter a t  d i f f e r e n t  g l e v e l s  f o r  a 1 
grn i r o n  p r o j e c t i l e  i m p a c t i n g  a t  10Ldsec and a 0.01 gm p l a s t i c  p r o j e c t i l e  
i m p a c t i n g  a t  10 m/sec. A v a i l a b l e  d r o p  tower djmensions are i n d i c a t e d .  
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Figure 2 .  
f o r  the two p r o j e c t i l e s  of Fig. 

Calculated Ottawa sand crater forpation times a t  d i f f erent  g levels 
1 .  Crop tower t e s t  times are indicated.  
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